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Abstract: This paper presents a zero-optical-distance mini-LED backlight with cone-shaped light
coupling microstructures to achieve an ultra-thin backlight architecture (~0.1 mm thickness) by
combining the characteristics of direct-lit and edge-lit backlights. There is no gap between the light
guide plate (LGP) and the reflector, as well as between the LGP and the mini-LED embedded in the
reflector. The illuminance uniformity and light extraction efficiency (LEE) of the whole structure reach
91.47% and 77.09%, respectively. Nine sub-modules are spliced together to realize 2D local dimming
with 0.29% crosstalk. The structure shows high optical performance while reducing the thickness of
the backlight module, which is of great significance for the development of mini-LED backlights.

Keywords: LCD; mini-LED; backlight; optical distance; light coupling; microstructure

1. Introduction

In recent years, a number of emerging display technologies are driving the develop-
ment of the display industry, such as micro-LED, organic electroluminescence display
(OLED), quantum-dot photoluminescence (QDPL), quantum-dot electroluminescence
(QDEL), digital light processing (DLP), and other display technologies [1-7]. As a kind
of mature display technology, LCD has occupied the mainstream of flat panel display
products due to its advantages of low cost, low power consumption, long service life, and
so on [8-10]. The development of display technology is moving towards thin thickness,
low power consumption, high definition, transparency, and flexibility. It is increasingly
important to realize a thinner structure of LCD. The backlight module, as an important
part, has a close relationship with LCDs. The thinness of the backlight module largely
determines the LCD’s thickness [11]. The traditional direct-lit backlight uses two methods
to reduce the thickness of the backlight module. One is to reduce the light mixing distance
by using a large number of light sources, but this will increase the power consumption and
cost. Another method is the secondary optical design of the light source to improve its
illumination area [12-15]. However, the secondary optical design is complex and generally
involves the application of mathematical methods or requires high accuracy in processing.
Although the edge-lit backlight can effectively reduce the thickness of the backlight module,

the optical performance is relatively hard to control due to the attenuation of energy during
the propagation of light in the light guide plate (LGP) [16-19]. Therefore, a backlight
structure that can improve the optical performance and reduce the thickness is still an
urgent need for LCDs.

Recently, mini-LED technology has attracted much attention because of its advan-
Attribution (CC BY) license (https://  tages of low power consumption, miniaturization, wide color gamut, high dynamic range
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laptops. Compared with conventional LEDs, mini-LEDs are smaller in size (50 pm~200 pm)
and have a large luminous half-angle, thus reducing the thickness of the backlight mod-
ule [25-28]. At the same time, mini-LED backlights have higher peak luminance for 2D local
dimming, which can achieve a high contrast ratio comparable to OLEDs. At present, the
mini-LED backlight has a remarkable effect on realizing the thinning of the backlight mod-
ule. However, thousands of mini-LED light sources would increase the power consumption
and cost of the backlight module [29,30]. Moreover, there exists a halo phenomenon in mini-
LED backlights [31,32]. In response to this problem, some mini-LED backlight structures
have been proposed [33]. Examples include both the mini-LED backlight with U-grooved
light guiding plates [34] and the direct-lit backlight with reflective points [35]. Even so, it
is still a valuable research topic to reduce the thickness of the mini-LED backlight while
achieving high optical performance.

By combining the characteristics of direct-lit and edge-lit backlights, this paper pro-
poses a new mini-LED backlight structure that realizes the “zero optical distance” between
the LGP and the reflector, as well as between the LGP and the mini-LED embedded in
the reflector; this structure provides a feasible way to reduce the thickness of mini-LED
backlight module. At the same time, this structure combines cone-shaped light coupling
microstructures, which can achieve high illuminance uniformity and light extraction ef-
ficiency, as well as the function of 2D local dimming and white balance. Moreover, this
structure has advantages in reducing cost. In traditional designs, each single local dimming
zone of the traditional backlight structure requires a large number of mini-LEDs [23,30].
However, each zone of the proposed structure only needs one mini-LED, which reduces the
cost by reducing the use of mini-LEDs. In addition, this structure uses the cone-shaped light
coupling microstructure to guide the light inside the LGP, which can make the light spread
evenly in the LGP and achieve high illuminance uniformity, thereby replacing the diffuser
plate in the traditional mini-LED backlight and reducing the cost. This structure could be
realized by traditional processing methods such as laser processing [36], UV LIGA-like [37],
UV imprinting [38,39], micro-injection molding [40], and other processing methods. These
are currently mature processing methods that bring about limited increase in cost.

2. Design Principle
2.1. Optical Model

In this paper, the proposed backlight structure consists of several sub-physical par-
titions, in which the sub-physical partitions can be individually controlled to emit light.
That means a single local dimming zone corresponds to a sub-physical partition. Func-
tional films such as brightness enhancement films and diffuser films are placed on the
upper surface of these sub-physical partitions to improve the overall optical performance.
Figure 1a,b show our design example with nine individual local dimming zones, and
Figure 1c shows a single local dimming zone that has an embedded shallow hole in the
middle of the reflector. The size of the embedded hole is slightly larger than that of the
mini-LED. The mini-LED is placed in the embedded hole with the light emitting direction
towards the LGP. In order to prevent light leakage, the side walls of the embedded hole
are coated with reflective material. The LGP is placed above the reflector without any
distance between them. In this way, the so-called “zero optical distance” can be achieved,
that is, there is no gap between the LGP and the reflector, as well as between the LGP
and the mini-LED embedded in the reflector. This ensures the thickness reduction of the
backlight module. At the same time, the optical performance is also required to be within
an acceptable range. Here, the reflective strips are attached to the four side walls of the LGP
to prevent light leakage to the adjacent zone. In order to make the light fully mixed in the
LGP and to finally form a uniform surface light source above the LGP, the lower surface of
the LGP is equipped with a cone-shaped light coupling microstructure above the mini-LED.
Figure 2 shows the schematic of the light propagation in the LGP. As shown in Figure 2,
the light from the mini-LED is reflected by the cone-shaped light coupling microstructure
and then enters the LGP, thus expanding the illumination area of the mini-LED. Some of
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the light propagates in the LGP abiding by the total internal reflection law. Some of the
light does not meet the condition of total internal reflection and then emits from the upper
surface of the LGP. The other light exits from the upper surface of the LGP after diffuse
reflection by the scattering dots on the lower surface of the LGP and the upper surface
of the cone-shaped light coupling microstructure. In this process, the cone-shaped light
coupling microstructure makes the light from the mini-LED enter the LGP as much as
possible and propagate in the LGP abiding by total internal reflection.

(a) (b)
/Single local dimming zone

Functional films

-

Cone-shaped light coupling microstructure
D

/Single local dimming zone (c) mel LE
Scattering dots

Light guide plate
Reflector

Figure 1. Schematic of (a) a zero-optical-distance mini-LED backlight with cone-shaped light coupling
microstructures, (b) a mini-LED backlight module with nine local dimming zones, and (c) a single
local dimming zone.

Cone-shaped light
coupling microstructure
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/_Scattering dots

Reflector
Mini-LED

Figure 2. Schematic of the light propagation in the LGP.

The cross-sectional profile of the cone-shaped light coupling microstructure is a conic
curve, that is, a rotating body formed by rotating the conic section 360° along the central
axis, and the line shape is an ellipse.

The thickness distribution of the cone-shaped light coupling microstructure is de-
fined by

0<Ax<a,0<Ay < \/b2— P82 0<x <Ax, /12— E4* Ay <y<b- Ay)
—a<Ax<0,0< Ay < 4/b? bZAZ Ax§x§0,,/b2—bzquzx—Aygygb—Ay>

where d is the thickness of the corresponding cone-shaped light coupling microstructure at
each incident point. Here, 2 and b are the elliptic equation parameters that determine the
shape of the elliptic curve, which can be the upper half of the ellipse with the focal points
distributed along the horizontal axis (2 > b > 0) or the upper half of the ellipse with the focal
points distributed along the vertical axis (b > a >0). x is the transverse distance (horizontal
coordinate) between the incident point and the central incident point. Ax represents the
distance that the ellipse translates along the horizontal axis, and Ay represents the distance
that the ellipse translates along the vertical axis.

In order to achieve high illuminance uniformity, the small-angle light from the mini-
LED should be guided to the far position in the LGP after being reflected by the cone-
shaped light coupling microstructure. In contrast, the large-angle light from the mini-LED is
incident to the close position. The slope of the cone-shaped light coupling microstructure is
larger as it is closer to the central axis of the light source and similarly smaller as it is farther
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away. At the same time, there is an optical channel with a certain distance between the
cone-shaped light coupling microstructure and the upper surface of the LGP. The light can
be scattered out of the LGP through the scattering dots to compensate for the illuminance
directly above the cone-shaped light coupling microstructure.

2.2. Scattering Dots

In a single local dimming zone, the light from the mini-LED is reflected by a cone-
shaped light coupling microstructure and enters the LGP. On the lower surface of the LGP,
the light intensity close to the light source is strong and the light intensity far from the light
source is weak according to the principle of light propagation. Therefore, the density of
the scattering dots near the light source is set to be small and that of dots far away from
the light source is set to be large for achieving high illuminance uniformity. At the same
time, the light from the mini-LED in the middle of the reflector is reflected into the LGP
through the cone-shaped light coupling microstructure, so the illuminance in the middle of
the LGP is relatively low. By adjusting the distance between the cone-shaped light coupling
microstructure and the upper surface of the LGP and rearranging the scattering dots, most
light is emitted from the middle of the upper surface of the LGP to increase the overall
illuminance uniformity.

3. Simulated Results
3.1. Optical Performance of a Single Local Dimming Zone

To evaluate the optical performance, the optical model of this backlight structure is
built and simulated. The blue mini-LED is set as a Lambertian light source and its spread
angle is within —60 ~ +60 deg. The size of the mini-LED is 0.1 mm x 0.1 mm. The mini-
LED can be embedded into the reflector through the corresponding embedded hole in the
center of the reflector. The size of the LGP is 1.5 mm x 1.5 mm, and its thickness is only
0.1 mm. The material of the LGP is PMMA with 1.49 refractive index, and its absorption
coefficient can be negligible. The functional films such as brightness enhancement films
and diffuser films are placed above the single local dimming zone to improve its optical
performance. The radius and height of the scattering dots are both 0.005 mm, and the dots
are distributed in a grid-like surface. The size of the light coupling microstructure is larger
than that of the mini-LED. The surface property of the lower surface of the cone-shaped
light coupling microstructure is perfect reflection. Therefore, the light from the mini-LED
is reflected by the cone-shaped light coupling microstructure and then refracted into the
LGP for propagation. In addition, some scattering dots are added on the upper surface of
the cone-shaped light coupling microstructure to adjust the illuminance at the center of
the LGP. Finally, 3.5 million rays are run for ray tracing to study the optical performance
including spatial illuminance uniformity and light extraction efficiency (LEE).

Figure 3a shows the spatial irradiance distribution of a single local dimming zone, and
Figure 3b is the normalized irradiance curves along the vertical and horizontal directions
of the center light output position on the upper surface of the LGP. It can be seen from the
2D irradiance map that the illuminance uniformity of the whole area is quite high, and the
illuminance variation is relatively small. The normalized irradiance curves also indicate
the small illuminance change. There is a little illuminance fluctuation at the center because
the light at the center is reflected by the cone-shaped light coupling microstructure and
propagates to the side of the LGP. The illuminance is higher near the center of the LGP
mainly because when the light is reflected by the cone-shaped light coupling microstructure
and incident at the position of the LGP closer to the center with a smaller incidence angle
(smaller than the total internal reflection angle), it will exit from the LGP’s upper surface.
This can be improved by optimizing the scattering dots and the cone-shaped light coupling
microstructure. Calculated by the ANSI nine-point method, the illuminance uniformity
and the LEE of the single local dimming zone are 91.47% and 77.09%, respectively, which
indicates that the designed structure has good optical performance.
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Figure 3. Simulation results of a single local dimming zone: (a) 2D irradiance map and (b) normalized
irradiance distribution curves in the horizontal and vertical direction.

3.2. 2D Local Dimming

In order to make the display image more detailed and realistic, the high dynamic range
of the LCD is required. The traditional LCD has a low contrast ratio (CR: 1000~5000:1).
Currently, 2D local dimming is used to improve the contrast ratio of LCDs. This paper
studies the 2D local dimming performance of the above-mentioned backlight structure.
We splice nine above-mentioned single local dimming zones to realize 2D local dimming.
The nine local dimming zones are separated by reflective sheets between adjacent LGPs to
prevent light crosstalk between adjacent zones.

Figure 4a,c and Figure 4b,d show the simulation results when all the local dimming
zones are fully lit and when only the central local dimming zone is lit, respectively. As
shown in Figure 4a,c, the illuminance at the boundary of adjacent local dimming zones
changes gently when all the local dimming zones are fully lit. The illuminance variation
inside each local dimming zone is relatively small, which means that most light inside each
local dimming zone is emitted out of each zone without leaking to the adjacent area. The
normalized illuminance value of the whole area is above 0.8, and the overall illuminance
uniformity and LEE are 85.11% and 80.97%, respectively. It can be seen from the irradiance
distribution curves in Figure 4d that the illuminance decreases sharply at the boundary
of the central local dimming zone, and only a small part of the light is incident to the
boundary of the adjacent area. This is due to the distance between the functional films
above the nine local dimming zones. However, the illuminance of other local dimming
zones that are not lit is about zero. This indicates that the light leakage is slight and that the
light is confined inside the corresponding local dimming zone.

The light crosstalk [41,42] is defined to evaluate light leakage between adjacent areas.
The calculated light crosstalk value is 0.29%, which can be considered negligible. It indicates
that the light crosstalk in adjacent areas is small and that the light is reasonably utilized. In
other words, this structure can achieve good 2D local dimming performance.

3.3. White Balance

The light source used in the above simulation is blue mini-LEDs. As shown in
Figure 5a, we place a color conversion film above the LGP to achieve white balance.
The size of the color conversion film is 1.5 mm X 1.5 mm, and the material is YAG: Ce
phosphor. Figure 5c shows the irradiance distribution. From the 2D irradiance map, it
can be seen that the illuminance decreases rapidly at a closer distance from the center
of the LGP compared with the previous structure without the color conversion film.
The light is absorbed by phosphor and lost when it propagates in the color conversion
film. The longer the propagation distance is, the more the light is consumed, and the
illuminance at the corresponding position is smaller.
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Figure 4. Simulation results of the zero-optical-distance mini-LED backlight: (a) 2D irradiance map
and (c) the corresponding irradiance distribution curves when the nine local dimming zones are
working at the same time; (b) 2D irradiance map and (d) the corresponding irradiance distribution
curves when only the central local dimming zone is active.
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Figure 5. (a) Schematic of the zero-optical-distance mini-LED backlight for white balance; (b) Simu-
lated color coordinates of the nine points in CIE 1931 color space; (c) 2D irradiance map; (d) A true
color map.

As shown in Figure 5d, the overall display is a little yellowish. The reason may be the
excessive amount of phosphors added in the film. We used the ANSI nine-point method
to take the CIE 1931 color coordinates of nine points from the color conversion film. The
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corresponding color coordinates of the nine points are shown in Table 1. Figure 5b shows
the color coordinates of the nine points in CIE 1931 color space. They are very close to the
color coordinates of the standard wshite light source D65, and the color coordinate with
the largest difference from D65 is (0.2886, 0.3188). The CIE 1931 color coordinates of nine
points are converted to CIE 1976 color coordinates for calculating the color uniformity [43].
The color uniformity is 0.0216, less than 0.03. This result shows that the color conversion
layer has good color uniformity. It meets industrial requirements and can achieve light
output white balance.

Table 1. CIE 1931 color coordinates of the nine points.

Coordinate Position (x, y) CIE 1931 Color Coordinate (x, y)

(0.6, 0.6) (0.2931, 0.3278)

(0.6, 0.0) (0.3071, 0.3497)

(0.6, —0.6) (0.2886, 0.3188)

(0.0, 0.6) (0.3063, 0.3491)

(0.0, 0.0) (0.3068, 0.3509)

(0.0, =0.6) (0.3085, 0.3546)
(—0.6,0.6) (0.2925, 0.3249)
(—0.6,0.0) (0.3088, 0.3535)

(—0.6, —0.6) (0.2968, 0.3382)

4. Discussion
4.1. Influence of the LGP’s Thickness on Optical Performance

While reducing the thickness of the backlight module, we also need to ensure that
the illuminance uniformity and LEE meet our requirements. Therefore, the relationship
between the thickness of the LGP and optical performance is studied, including the LEE
and uniformity. The other parameters of the single local dimming zone are fixed with a
0.1 mm-thick LGP as described in Section 3.1, and the only change is the thickness of the
LGP. Figure 6 shows the simulated LEE and uniformity of LGPs with different thicknesses.
It can be seen from Figure 6 that all the LGPs show high uniformity and LEE. The average
uniformity reaches 81.25%, and the average LEE is 76.73%. These results further prove that
the structure we designed has good optical performance even if the thickness has changed.

100 100
—e—LEE

951 —— Uniformity 195
90 | &
= 90 §
85| 85 .
~ =

= 80 80
= E
~ 751 75 £
=
70t 70 =

66| 65

60 . : : : ;
005 010 016 020 0.256 0.30
Thickness of the LGP (mm)

Figure 6. Relationships between the thickness of the LGP and the LEE and uniformity.

4.2. Tolerance Analysis

In this backlight structure, the light from the mini-LED is reflected by the cone-shaped
light coupling microstructure and then enters the LGP, which expands the illumination
area of the mini-LED and improves the illuminance uniformity. In a real light coupling
microstructure, its “tip” has a non-zero diameter. Here, the influence of the non-zero “tip”
on the optical performance is studied. Figure 7 shows the simulated LEE and uniformity
of the backlight structure when the tip of the cone-shaped light coupling microstructure
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has different radiuses. As shown in Figure 7, the illuminance uniformity of the backlight
structure changes very little when the radius of the tip increases from 0 to 7 pm with a size
of 0.7 um and all of them are larger than 85%. All the LEEs are stable at 77%. These results
show that the backlight structure can provide high performance even when the tip of the
cone-shaped light coupling microstructure has a limited non-zero radius.

100 100
== LEE
95+ === Uniformity 195
90 T~ (02
S
;\;‘ 851 185 2z
= 80t 180 E
= S
= 75} {75 &
=
70 170 =
65} 165
60 60

0.0 0.7 1.4 21 2.8 35 42 4.9 5.6 6.3 7.0
Radius (pm)

Figure 7. Relationships between the “tip” radius of the cone-shaped light coupling microstructure

and the LEE and uniformity.

In addition, the deviation of the mini-LED center off the cone-shaped light coupling
microstructure also has an influence on the optical performance of the backlight structure in-
cluding the illuminance uniformity and LEE. Three cases influence the optical performance,
including when the center of the mini-LED deviates off the cone-shaped light coupling
microstructure along the horizontal and diagonal directions, or when the mini-LED center
rotates by different angles along the central axis.

As shown in Figure 8a, the uniformity of the backlight structure decreases as the
deviation of the mini-LED center off the light coupling microstructure along the horizontal
direction increases. The uniformity is less than 80% when the deviation distance exceeds
7 um. This indicates that when the deviation distance along the horizontal direction is less
than 7 pm, its influence on the uniformity of the backlight structure is within an allowable
range. Similarly, it can be seen from Figure 8b that when the deviation of the mini-LED
center off the light coupling microstructure along the diagonal direction exceeds 7 um, the
uniformity is less than 80%. In both cases, the LEE of the backlight structure with different
deviation distances is around 77%, which indicates that these two deviations have little
effect on the LEE. Figure 8c shows the relationship between the angle of mini-LED rotation
and optical performance. As shown in Figure 8c, the uniformity decreases as the angle
of mini-LED rotation increases. All the uniformities are larger than 80%, which indicates
that the influence of mini-LED rotation on the uniformity is within an allowable range.
In addition, all the LEEs are stable around 77%. These results show that as long as the
deviations are controlled within a certain range, the uniformity and LEE of the backlight
structure can remain at an allowable level.
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Figure 8. Relationships between the different deviations of the mini-LED center off the cone-shaped
light coupling microstructure and the LEE and uniformity: (a) Deviation along the horizontal
direction, (b) deviation along the diagonal direction, and (c) mini-LED rotation.
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4.3. Comparison between Different Light Coupling Microstructures

In addition to the cone-shaped light coupling microstructure discussed, we also
simulate the single local dimming zone of light coupling microstructures with other shapes,
including the circle shape, inverted triangle shape, and concave shape. Figure 9 shows the
light coupling microstructures of different shapes.

Figure 9. Schematic of different light coupling structures: (a) cone shape, (b) circle shape, (c) inverted

triangle shape, (d) concave shape.

In order to distinguish the differences of each light coupling microstructure more
clearly, the cross-sectional profiles of each light coupling microstructure are shown in
Figure 10. The light coupling microstructure is formed by rotating the cross-sectional
profile 360° along the central axis. As shown in Figure 10, the red line in the coordinate
system is the cross-sectional profile, and a and b are the length and height of the cross-
sectional profile, respectively. It is clearly seen in Figure 10b that the length and height of
the circle-shaped light coupling microstructure profile are both a. The point (a;, by), point
(a1, by), point (aj, b3), point (aj, bs) are the points on the contour of the cone-shaped, circle-
shaped, inverted triangular, and concave-shaped light coupling microstructure profiles
respectively. The black oblique line is the tangent line of the cross-sectional profile of the
light coupling microstructure. The tangent line equation is as follows:

y = kx + b(k = kl/kZI k3,k4,C = (C1,02,C3, C4) (2)

where k is the slope of the tangent line of each light coupling microstructure profile and c is
the distance that the line y = kx moves along the y-axis.

y
y=k,x+c,

a

y=Kk;x+¢,
J) I

o

Y] ——
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1

y (a) y (b)

byf e

4

)

0 |

(©) ()

Figure 10. Schematic of cross-sectional profiles of different light coupling structures: (a) cone shape,
(b) circle shape, (c) inverted triangle shape, (d) concave shape.

Since the cross-sectional profile of the inverted triangular light coupling microstructure
is a straight line, its tangent line is the profile itself. It can be seen from Figure 10 that
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the changing trends of the cross-sectional profiles are different for variously shaped light
coupling microstructures. The slopes of the profiles of the cone-shaped light coupling
microstructure and the circle-shaped light coupling microstructure decrease as x increases.
However, the slope of the cone-shaped light coupling microstructure profile decreases
faster. In contrast, the slope of the concave-shaped light coupling microstructure profile
increases with x. The slope of cross-sectional profile of the inverted triangular light coupling
microstructure remains constant because it is a straight line.

The corresponding LEE and illuminance uniformity of different light coupling mi-
crostructures are shown in Table 2. It can be seen that the LEE achieved by the cone-shaped
light coupling microstructure proposed in this paper is comparable to that of the circle-
shaped light coupling microstructure and the inverted triangular light coupling microstruc-
ture. The LEE of the concave-shaped light coupling microstructure is the lowest. The
cone-shaped light coupling microstructure has the highest uniformity. This is mainly due
to the different curvature variation patterns from the center to the edges of the different
light coupling microstructures. The curvature change of the cone-shaped light coupling
microstructure is smaller and smaller from the center to the edge, which matches the angle
of the light from the mini-LED and the angle of light incident into the LGP. This allows
more light to enter the LGP and then be fully internally reflected within the LGP. This also
demonstrates the rationality of our proposed cone-shaped light coupling microstructure.

Table 2. Comparison of the LEE and spatial illuminance uniformity for different light coupling

microstructures.
Type LEE Uniformity
Cone shape 77.09% 91.47%
Circle shape 80.62% 81.61%
Inverted triangle shape 77.23% 88.07%
Concave shape 69.62% 85.8%

5. Conclusions

Combining the characteristics of direct-lit and edge-lit backlights, this paper proposes
a new mini-LED backlight structure, which is a zero-optical-distance mini-LED backlight
with cone-shaped light coupling microstructures. In this design, the mini-LED is embedded
in the reflector to achieve “zero optical distance” between the LGP and the reflector, as well
as the LGP and the mini-LED embedded in the reflector. The thickness of the mini-LED
backlight is successfully reduced to ~ 0.1 mm, which is much thinner than conventional
mini-LED backlights with diffuser plates. The light from the mini-LED enters the LGP
through the cone-shaped light coupling microstructure and finally exits the LGP through
the scattering dots to form a uniform surface light source. Simulation results show that this
proposed backlight structure can not only reduce the thickness of the backlight module, but
also achieve better LEE and illuminance uniformity. By adding a color conversion film on
the upper surface of the LGP, the entire backlight structure can achieve good white balance.
Nine single local dimming zones are spliced together to achieve 2D local dimming. The
light crosstalk between adjacent local dimming zones is 0.29%, which realizes high 2D local
dimming performance. This work is of great significance for realizing the thinning of the
backlight module, and it can also improve the contrast ratio and image quality of LCDs
through 2D local dimming. It is foreseeable that this mini-LED backlight structure could
promote the development of LCDs.
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